of analyses for the nv-absorbing constituents of urine from these subjects will be published soon. This paper presents preliminary results of analyses of several pathologic body fluids, some of which were collected from patients undergoing therapy with certain drugs. Where possible, comparisons are made with results established for normal subjects.
Methods
The automated analyzer for separating and quantifying the nv-absorbing constituents of body fluids (1, 3) is composed of a heated, high-pressure anion-exchange column and associated acetate buffer elution system, and a recording uv-photometer that operates at two (254 and 280 nm) to four (260, 270, 280, and 290 nm) wavelengths.
After the physiologic sample has been introduced into the analyzer via an injection valve, the chromatogram showing the absorbance vs. time is generated by using an acetate buffer of continuously increasing concentration as the eluent. A typical urine chromatogram requires an elution time of 40 h and contains more than 100 chromatographic peaks. The carbohydrate analyzer (2-4) is composed of a high-pressure, temperature-controlled anionexchange separation system and a detection system in which the column eluate is mixed with phenol and sulfuric acid before being monitored at 480 nm and 490 nm by a recording, continuous-flow colorimeter.
The physiologic fluid, mixed with borate buffer to make anionic sugar-borate complexes, is introduced into the analyzer via an injection valve, and a chromatogram is generated by using a borate buffer of continuously increasing concentration as the eluent. The sugars are eluted in 20 h, and a total run, including initial equilibration, is completed in 24 h. A typical urine chromatogram contains about 40 chromatographic peaks. All body fluid specimens were stored at -60#{176}C to prevent decomposition. The specimens were passed through a filter with pores 0.2 m in average diameter.
Ultrafiltration is used for specimens with high protein concentrations, such as blood serum (1) . Preparation of a specimen for carbohydrate analysis requires extra steps: borate buffer is added and the pH adjusted to 8.5. Urine samples usually require a five-to tenfold concentration so that the sugars, present in only trace quantities, will be sufficiently concentrated to detect (2). Detailed run conditions used to obtain the uv and carbohydrate chromatograms presented in this paper are given in references [1] [2] [3] [4] . Chromatographic peaks were quantified either by comparing the peak height with that determined under identical run conditions for a known amount of reference standard, or by measuring the area under the peak and relating it to the corresponding molar absorptivity of the known compound.
For evaluating urinary excretion rates for pathologic samples, the rates should be related to these established for normal subjects. Because of the diversity of ages and sex of the patients described in this paper, each case could not be compared with the ideal normal for that age and sex. However, each analysis was compared with values established for a normal reference urine, which was a composite of 24-h urine specimens for eight normal white males, 25 to 40 years old (4). Figure 2 .
Results and Discussion
At the time of urine collection, the oldest subject was on a low-purine diet; however, the diet did not decrease his purine (adenine, xanthine, hypoxanthine, and uric acid) excretion to less than that of his brothers. This was probably caused by the allopurinol therapy, which had been stopped only two days before the sample was collected.
In Table 1 that three peaks which are usually found ahead of and several peaks that are found after uric acid were absent. Whether this was due to the allopurinol therapy or to the Lesch-Nyhan syndrome itself is not known.
Notable among the absent urinary constituents was hippuric acid, which has been found in large amounts in every human urine sample analyzed to date except urine from subjects with acute lymphocytic leukemia (6). In Figure 3 the portion of the uv chromatogram in which hippuric acid normally elutes is compared
The shiftin elution positions of the peaks in the normal urine chromatogram with respect to those in the chromatogram for the pathologiccase iscaused by the use of resin with greater resolving power foranalysis ofthe normal urine with the equivalent portion of the normal reference urine chromatogram.
Because hippuric acid is the glycine conjugate of benzoic acid and the normal excretory metabolite of benzoic acid, one would expect to find benzoic acid and related compounds, either free or conjugated with glucuronic acid, in the urine of this patient. Thus, it is not surprising that both benzoic and p-hydroxybenzoic acids were present in reasonably high concentrations. Even during allopurinol therapy, the patient cx- The normal excretion rate is defined as the average excretion rate determined for a composite sample of the 24-h urine specimens collected from the set of eight normals. "The normal excretion rate is defined as the average excretion rate determined for a composite sample of the 24-h urine specimens collected from the set of eight normals.
Not detected.
peaks that were present in each of the urine samples do not appear in the normal urine reference standard; in addition, one peak was suppressed and eight peaks were enlarged as compared with corresponding peaks in the normal chromatogram. A conspicuous difference, with respect to the normal chromatogram, was the extremely high excretion rate of hippuric acid in both the control and the test specimens.
It is possible that many of these differences can be attributed to the fact that the normal reference urine is obtained exclusively from men.
Nicotinic acid appears to have been excreted primarily as icotinuric acid (tentatively identified) and N 1-methyl-2-pyridone-5-carboxamide (confirmed by mass and uv spectra).
The nicotinuric acid excretion rates determined for the One unknown peak was vastly larger, and two other unknown peaks were smaller, than corresponding peaks in the chromatogram for normal urine.
The excretion rate of pseudouridine was high, and no 5-acetylamino-6-amino-3-methyl uracil was excreted.
(However, the absence of this compound may be related to age or diet rather than disease.) The compound corresponding to the extremely large unknown peak, which has a 264-mi elution volume position, is either absent or occurs at very low concentrations in normal urine. Data from the carbohydrate analysis indicated that the excretion rates for fructose, arabinose, fucose, galactose, and xylose were much higher than normal (Table 5) .
Alkaptonuria. Alkaptonuria, a metabolic disorder caused by lack of the enzyme homogentisic acid oxidase, results in relatively high concentrations of homogentisic acid in individuals suffering from the disorder and, consequently, leads to homogentisic acid excretion rates that are higher "The normal excretion rate is defined as the average excretion rate determined for a composite sample of the 24-h urine specimen collected from the set of eight normals.
"Assuming a body weight of 95 kg. The normal excretion rate is defined as the average excretion rate determined for a composite sample of the 24-h urine specimens collected from the set of eight normals.
'Not detected. pyruvic and p-hydroxymandelic acids, but the identity of these compounds has not been positively confirmed.
In general, the heights of the other chromatographic peaks appear to be normal; two exceptions are 5-acetylamino-6-ami no-3-methyl uracil, which is higher than normal, and phenylacetylglutamine, which is lower than normal.
The carbohydrate chromatogram of this urine differed from the normal with respect to the presence of two unknown peaks that were eluted at 1.82 h (possibly N-acetylglucosamine) and 2.22 h (possibly N-acetylgalactosamine), three peaks (sucrose, raffinose, and rhamnose) that are higher than normal, and six peaks (lactose, allulose, arabinose, galactose, xylose, and glucose) that are lower than normal (Table 6 ).
Other Human Body Fluids
Although emphasis has centered primarily on urine analyses, preliminary analyses of amniotic fluid, cerebrospinal fluid, and blood serum have also been made. The difference The Johns Hopkins Medical Center) from a normal subjec.t was analyzed for tv-absorbing and carbohydrate constituents. Both of the resulting chromatograms ( Figure 5 ) were relatively simple and somewhat similar to those obtained for blood serum.
The uv chromatogram contained three major peaks (two of which were tentatively identified as urocanic acid and uric acid) and 25 minor peaks (three of which were tentatively identified as ergothioneine, creatinine, and tyrosine). The carbohydrate chromatogram contained one major peak (glucose) and 13 minor peaks (one tentatively identified as fructose). Figure 6 ), and there were many individual differences between the three samples.
The uv chromatogram of the specimen (no. 7245) from a patient with a brain tumor contained four major peaks (two of which were tentatively identified as uric acid and creatinine) and 29 minor peaks. The uv chromatogram of the specimen (no. 6279) from a patient with a cerebral hemorrhage contained all the peaks present in the chromatogram just described; in general, however, they were larger. Eight major peaks (including creatinine and uric acid) and 40 minor peaks were found. The creatinine concentration in these two samples was significantly higher than that reported in the literature and that for the sample discussed below.
The third specimen (no. 5308), which was obtained from a patient with muscular dystrophy, had low molecular concentrations as compared with the two specimens described above. For the carbohydrate Chromatogram, the analyzer was operated at 10 times normal sensitivity except while glucose was being eluted; during the elution of glucose, the instrument was operated at normal sensitivity. For comparative purposes, only the first half of the uv chromatogram is shown peaks and 3 major peaks, one of which was uric acid. The identity of a very large peak that was eluted after uric acid is not known. This peak was apparently not present in the other two specimens. The carbohydrate chromatogram of this sample contained one major peak (glucose) and five minor peaks, three of which were tentatively identified as mannose, fructose, and ribulose. Figure 7 shows the carbohydrate chromatogram and the first half of the uv chromatogram for blood serum obtained from a fasting blood sample taken from a normal subject.
These data are preliminary in nature; more detailed quantification will depend upon further identification of constituents. However, these preliminary results serve to focus attention on the potential usefulness of the uv and carbohydrate analyzers. Such high-resolution analyzers, with their resulting spectra of analytical results, should be powerful tools for medical research as well as for routine clinical purposes.
